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Compelling reasons to map lineages – important units of conservation for ecosystem function, easier to classify than 

species and critical for disease detection
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https://github.com/jesusNPL/BayesianSDMs_Oaks
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Pinto-Ledezma and Cavender-Bares 2021



Predicted probability of presence of white oak (Quercus alba)

Polygon: BIEN estimated species range
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Stacked NextGen SDMs from GBIF+iDigBio predict observed species richness (FIA and NEON)
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Pixel-level species classification

Canopy spectra contains phylogenetic information
Detection of species and lineages from airborne data (AVIRIS NG)
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In a mixed deciduous forest in Minnesota, tree species are accurately classified 

using PLSDA



Photo: Dave MauselImage: Antonio Guzmán

Oak wilt (Bretziella fagacearum) is the most lethal threat to oaks in the U.S.



Common 
Name

Scientific Name Aggregate Climate 
Regulation

Air Quality 
Regulation

Wood Products

Pine Pinus $25.3 billion $10.6 billion $7.4 billion $7.4 billion

Oak Quercus $22.3 billion $10.7 billion $11 billion $577 million

Maple Acer $11 billion $5.2 billion $5.5 billion $297 million

Douglas-
fir Pseudotsuga $8.6 billion $5.9 billion $1.5 billion $1.2 billion

Hemlock Tsuga $4.5 billion $3 billion $1.2 billion $234 million

Annual ecosystem service values of US trees
Cavender-Bares…Polasky SESYNC working group, 2022, PLoS Sustainability & Transformations



Julie Martinez - USDA-FS 

Overland spread

Movement of spores from fungal 

mats by sapsucking beetles –

sexual reproduction of fungus

Belowground spread

Very rapid spread through 

grafted roots – causes oak wilt 

“pockets”

Credit: Ronald F. Billings

Credit: Sandra JensenCredit: David Mausel



Chainsaw girdling – Rapid Response Herbicide treatment

Photos from J. Juzwik

Oak wilt treatment – if detected early

Possible to manage effectively—depends on efficient detection



Vibratory plow to severe root connections between neighboring trees



Red oaks like Quercus ellipsoidalis – highly susceptible
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Approach:	Oak	wilt	causes	characteristic	symptoms	that	manifest	themselves	at	the	leaf	level,	canopy	

level	and	stand	level	(Figure	1).	We	hypothesize	that	changes	in	pre-visual	and	visual	patterns	of	leaf	
function,	chemistry,	pigment	composition	at	all	three	scales	will	be	useful	in	accurate	disease	detection.	
Previous	approaches	for	detecting	tree	insect	pest	damage	and	decline	diseases	have	clarified	the	need	
to	decipher	species	identities	as	an	initial	step	(Hanavan	et	al.	2015,	Pontius	et	al.	2005ab).	These	
studies	and	others	have	also	documented	the	reliability	of	remote	sensing	indices,	used	in	a	regression	
framework,	for	detecting	crown	health	declines	at	the	landscape,	tree	and	leaf	level	(Pontius	et	al.	2005	
ab).	We	currently	have	one	year	of	funding	to	conduct	a	greenhouse	study	to	differentiate	oak	wilt	from	
two	other	diseases	(bur	oak	blight	and	bacterial	leaf	scorch,	Xylella	fastidiosa,	which	is	not	yet	
established	in	Minnesota)	and	from	drought	under	experimental	conditions	using	spectral	data.	
Seedlings	of	bur	oak	and	northern	pin	oak	will	be	inoculated	with	the	causal	organisms	and	additional	
seedlings	subjected	to	drought	in	a	factorial	experiment	under	carefully	controlled	conditions.	In	this	

proposal	we	build	on	this	work	by	developing	methods	to	detect	oak	wilt	in	naturally	occurring	
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Figure	1.	Oak	wilt	has	characteristic	symptoms	and	patterns	of	damage	that	are	hypothesized	to	be	discernable	
“pre-visually”	and	statistically	differentiated	from	other	diseases	and	drought	at	multiple	scales:	1)	leaf-level,	2)	
canopy	level	and	3)	stand-level.	Oak	wilt	symptoms	also	manifest	themselves	differently	on	different	oak	hosts	
(Quercus	ellipsoidalis/Q.	rubra	vs	Quercus	macrocarpa,	because	the	different	oak	subgenera	have	different	
responses	and	vulnerabilities	to	the	disease.	The	schematic	provides	a	framework	for	considering	how	the	decline	
symptoms	vary	among	species,	between	diseases,	and	with	drought	relative	to	healthy	trees	at	the	three	scales.	
All	three	scales	will	be	used	to	detect	and	differentiate	oak	wilt	from	other	damage.	Activity	1	focuses	on	leaf-
level	and	canopy	scales;	Activity	2	focuses	on	the	stand	scale;	Activity	3	focuses	on	control	and	containment.	

Photo: J. Cavender-Bares Photo: Brian Schwingle
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Figure	1.	Oak	wilt	has	characteristic	symptoms	and	patterns	of	damage	that	are	hypothesized	to	be	discernable	
“pre-visually”	and	statistically	differentiated	from	other	diseases	and	drought	at	multiple	scales:	1)	leaf-level,	2)	
canopy	level	and	3)	stand-level.	Oak	wilt	symptoms	also	manifest	themselves	differently	on	different	oak	hosts	
(Quercus	ellipsoidalis/Q.	rubra	vs	Quercus	macrocarpa,	because	the	different	oak	subgenera	have	different	
responses	and	vulnerabilities	to	the	disease.	The	schematic	provides	a	framework	for	considering	how	the	decline	
symptoms	vary	among	species,	between	diseases,	and	with	drought	relative	to	healthy	trees	at	the	three	scales.	
All	three	scales	will	be	used	to	detect	and	differentiate	oak	wilt	from	other	damage.	Activity	1	focuses	on	leaf-
level	and	canopy	scales;	Activity	2	focuses	on	the	stand	scale;	Activity	3	focuses	on	control	and	containment.	

White oaks like Quercus macrocarpa – resistant

Phylogenetic lineages differ in disease susceptibility



Spectral phylogeny + spectral physiology enables oak wilt detection across the 
landscape
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Spectral phylogeny + spectral physiology enables oak wilt detection across the landscape



Spectral indices associated with photosynthetic (green) and water status (blue) 

readily differentiated diseased red oaks from healthy red oaks

Sapes et al. 2022



Sapes et al. 2022



Sapes et al., 2022
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Scaling up physiological symptoms to satellite data

Tissue

You are here!

VIS NIR SWIR

400 24001600600 800 1000 1200 1400 1800 2000 2200
0.0

0.1

0.2

0.3

0.4

0.5

0.6

Water
Water Water

Sugar
Nitrate

Cellulose

Lignin

Proteins

FA

Starch

Water

Anthocyanin

Carotene

Chl a/b



Using a phenological approach



Workflow for acquiring, processing, and analyzing Landsat 8 and Sentinel-

2 imagery for mapping of oak wilt.



ESA - Sentinel-2

NASA-USGS - Landsat-8

NASA - MODIS (MODIS Water Vapor Database from Terra and 

Aqua MODIS Total Precipitable Water Vapor products)

NASA - Shuttle Radar Topography 

Mission (SRTM) / A Digital Elevation Model

USGS - National Agriculture Imagery 

Program
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Time series of CCI for a single oak tree (pixel) that died from oak wilt

Chlorophyll/Carotenoid Index

tracks changes in pigments and 

photosynthetic activity

(Sentinel2)

Gamon et al 2016
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4 phenological metrics using CCI that differentiate healthy, diseased, and dead oaks

VSS value at start 

of the season 

IGS integral of growing 

season 

VGV value of green variability 

VPA value of peak 

amplitude 



Linear Discrimination Analysis on the training dataset summarizes 

the variability of the phenological signal between healthy, wilted, and dead oak trees

Receiver Operating Characteristic curves

LDA



Oak wilt detection

Sherburne County, MN

Dataset Metric Condition

Healthy Wilted Dead

Training Accuracy 0.86 0.85 0.78

Sensitivity 0.82 0.84 0.66

Specificity 0.91 0.85 0.90

Testing Accuracy 0.85 0.84 0.76

Sensitivity 0.79 0.86 0.64

Specificity 0.91 0.82 0.88



Engaging with folks at the Minnesota State Fair






